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Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This International Search Report has not been established in respect of certain claims under Article I7(2)(a) for the following reasons: 
1. | | Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. 1 1 Claims Nos.: 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 



3. | | Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

see additional sheet 

1 . I y I As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
t-*- 1 searchable claims. 

2. | | As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 



3. As only some of the required additional search fees were timely paid by the applicant, this International Search Report 

■ ■ covers only those claims for which fees were paid, specifically claims Nos.: 



4. | [ No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest j | The additional search fees were accompanied by the applicant's protest. 

j )( | No protest accompanied the payment of additional search fees. 
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. Claims: 1-14 

Transf lective liquid crystal display comprising 

- a liquid crystal cell with front and rear substrates, 

- front and rear polarisers, 

- front and rear retarders, and 

- a light source. 



2. Claims: 15-23 

Transf lective liquid crystal display having a plurality of 
pixels each provided with a light filter; means for 
addressing and switching each pixel; a flashing backlight 
comprising a plurality of sequentially flashing light 
sources, and a partially reflecting mirror. 
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Applicant's or agent's file reference 
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See Notification of Transmittal of International 
FOR FURTHER ACTION Preliminary Examination Report (Form PCT/IPEA/416) 


International application No. 
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1. This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 9 sheets, including this cover sheet. 

S This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of ^2tf"sheets. 

AO 



3. This report contains indications relating to the following items: 

I H Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations suporting such statement 
Certain documents cited 
Certain defects in the international application 
Certain observations on the international application 
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VII 
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Name and mailing address of the international 
preliminary examining authority: 
European Patent Office 

080298 Munich 
Tel. +49 89 2399 - 0 Tx: 523656 epmu d 

Fax: +49 89 2399 - 4465 



Date of completion of this report 



1 5. 12, 00 



Authorized officer 
Wahl, M 

Telephone No. +49 89 2399 2684 
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International. appJication No. PCT/JP9.9/Q5210 



E£asis_of the_report 

T h i s report ha s h fte rL,draw£Loa.theiiasis_of (substitute, sheets whinh have heen furnished tn the m ne>h/ing tif fing m 
response to an invitation under Article 14 are referred to in this report as "originally filed 0 and are not annexed to 
the report since they do not contain amendments (Rules 70.16 and 70. 1 7).): 
Description, pages: 



4,6,7,13-17 

t.lhis.P^Sbis. - 
S.SbisA^bis, 
10J_0hisJ1 J. Ibis, 
12 



as originally filed 



14/08/2000, j 



t0/08g000 



Clairas^No.: 

1-1 1,13-23, 
25-36 



as received on 



02/11/2000 with letter of 



30/10/2000 



Drawings, sheets: 

1 /1 2^Z1 2.5/1 2J3Z12r:1 QZ1 2_. 
12/12 

2/12*4/1 2j6/12J/_12_ asjceaeivedon . 
11/12 



aa originaUy^filed 

1 4/Q8/20QQ_ . with letter. oL 1 0/08/2000 



2_Wjth.reoarcLtCLtbeJ^ the 
language in which the international application was filed, unless otherwise indicated under this item. 

T he s e ftlements wftm a vai la hlpj aif u r n i shed t n this A uthority in thg following langus^ ^wiiich is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 
CL tbeJanguage^ol publication of thejnternaliojiaLap^ 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55^andZor.55.3). 

3. With regard to any, nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished suhsggnpntly tp t"*s Authority in writtnn,form, 

□ furnished subsequently to this Authority in computer readable form. 
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□ The statement that the subsequently furnished written sequence listipg_does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The-StatemeDLthaLthainformalion cecQtdsdJn computer.readablafoim isJdenticaLto the_writlecLsequence 

listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

H the claims, Nos.: 12,24 

□ the drawings, sheets: 

5. [3 This report has been established as if Csome of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

( Any replacem ent sheet con tainin g such amendments must be referred fo/jnpfer ffftfp_* and annexed tp this 
report.) 

see separate sheet 

6. Additional observations, if necessary: 

IV. Lack oi unity ollnvention 

1. In respon&a-to.ttiejnvitation to„restrjaLor„pay_addjtionaLfees.th.e.appiicant.has: 

□ restricted the claims. 
H paid. additional fees. 

□ paid additional fees under protest, 
neither: restricted, nor paid .additional fees. 

2. □ This Authority found that the requirement of unity of invention is not complied and chose, according to Rule 

68.1 , not to in vite th e applicant tn re stri ct nr pa y additional f ees. 

3. This Authority considers that the requirement of unity of invention in accordance with Rules 13.1 , 13.2 and 13.3 is 
CL compiifid.with. 

E3 not complied with for the following reasons: 
sae.separate.sheet 

4. _ GonsequeMyu-theJoIlowing parts .of .thejntarnalional_appJicaliQn werje_tbe.subiecLQf international preliminary 

examination in establishing this report: 

IS all parts. 

□ the parts relating to claims Nos. . 
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V. Rpasnnfid state ment under Article 35(2) with regard to novelty, inventive step or in dustrial a p plic ability ; 
citations and explanations supporting such statement 

1. Statement 



Nov_eliy_tN)-_ 



Yes^. 
No: 



Claims^ t-11 ^1 3.-23^25-36 
Claims 



lnveotive_stfip_CLS)_ 



Yes^. 
No: 



Glaims_ 
Claims 



1 -1 U1 3^1 4 J 8.20r23^5^.27-36 
15-17, 19,26 



In dustrial a p plicability (IA ) 



Yes::.. 
No: 



Claims... 
Claims 



l-lUja=23L2J5-33 



2. Citations and explanations 
see separate sheet 



Vil. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item I 

Basis of the report 

1). The following amendments extend beyond the contents of the originally filed 
disclosure and have therefore not been taken into account in this report: 

- the lower limit of 50 nm for the retardation range of the front quarterwave plate 
as defined in claim 6; 

- the surface director orientation angle -20° as specified on page 8, line 30; page 
9, line 24; and shown in Figs. 2, 4, and 6; 

- the preferred twist angle range for the LC layer between 60° and 80° as 
mentioned on page 9, line 3; 

- the design wavelength and features of the liquid crystal material as specified on 
page 10, lines 4-7; 

- the retardation value of the front quarterwave plate of 150 nm as described in 
page 11, line 23, and page 12, line 29; 



Re Item IV 

Lack of unity of invention 

The International Examining Authority found two (groups of) inventions in this 
international application, as follows:- 

1. Claims: 1-14 

Transflective liquid crystal display comprising 

- a liquid crystal cell with front and rear substrates having a plurality of pixels, 

- front and rear polarisers, 

- front and rear retarders, and 

- a light source, and 

- a partially reflective/transmissive rear electrode. 

2. Claims: 15-23 

Transflective liquid crystal display having 

- a plurality of pixels each provided with a light filter, 
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- means for addressing and switching each pixel, 

- a flashing backlight with a plurality of sequentially flashing light sources, 
and 

- a partially reflecting mirror between the liquid crystal and the backlight. 

The common features of these "inventions" are 

- a transflective liquid crystal display comprising a plurality of pixels, a light source 
and a partially reflective/transmissive optical element between the liquid crystal 
and the backlight. 

Such a combination of features is well known in the art (see e.g. US-A-4 315 258) and 
therefore not novel. 

The most relevant prior art documents for both inventions cited in the Search Report 

are the similar documents EP-A-0 487 359 and US-A-5 699 137. 

In view of these documents, the special technical features of the first "invention" are 

related to the arrangement of rear and front retarders, which each comprise a halfwave 

and a quarterwave plate, with respect to the liquid crystal cell and to each other. 

The special technical features of the second "invention" are related to the switchable 

pixels having color filters and the three flashing light sources. 

These special technical features of both "inventions" are not so linked as to form a 

common novel and inventive concept. 

Hence, the present application suffers from a lack of unity (Art. 34(3), Rule 13 PCT). 
Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1). The most relevant prior art document for the first invention is EP-A-0 487 359 (D1 ; 
see Fig. 10) which discloses a liquid crystal display comprising a liquid crystal (8) 
divided into a plurality of pixels and disposed between a front substrate (2) and 
rear substrate (3), a front polariser (9) and a rear polariser (10), a front retarder 
(11,12) and a rear retarder (13,14). 

The subject matter of present claim 1 differs from D1 in that a light source is 
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located behind the rear polariser (10) and that the rear electrode is partially 
reflective/transmissive. While it is generally known in the art, e.g. from Fig. 2 of 
US-A-4 315 258 (D4) or from Fig. 1b of GB-A-2 101 347 (D5) to provide such 
backlight sources and partially reflective/transmissive mirrors behind LCD displays 
and EP-A-0 699 938 (=:D3) discloses an LCD display (Fig. 1) with adjacent rear 
electrode layer (26) and reflecting (non-transmissive!) layer (24), no hint could be 
found in the available prior art to combine this mirror and the rear electrode in 
order to form the presently claimed partially reflective/transmissive rear electrode. 
The invention thus provides an efficient transflective liquid crystal display which 
can be used with reflected ambient light as well as transmitted backlight. 

The subject matter of independent claim 1 and the further embodiments defined in 
dependent claims 2-11,13 and 14 are regarded as being novel and involving an 
inventive step and therefore meet the requirements of Art. 33(2) and (3) PCT. 
(This also applies to claims 25-36 insofar as they depend on claims 1-11, 13 or 
14.) 

2). However, the present application does not meet the requirements of Art. 33(3) 
PCT, because the subject matter of claims 15-17, 19, and 26 does not involve an 
inventive step. 

US-A-5 510 915 (=:D6) discloses an active matrix liquid crystal display (see Fig. 9) 
comprising a plurality of sequentially flashing backlight sources (903). Lines 61-65 
of column 6 further refer to colour filters associated with each pixel. Although line 
12 of column 7 mentions that in such a display "colour filter is no(t) needed", the 
skilled person would nevertheless conclude that a colour filter could in principle be 
used in the display. Furthermore, from US-A-4 315 258 (=:D4) as well as GB-A-2 
101 347 (=:D5) the person skilled in the art learns how to use a partially trans- 
missive mirror (16 in D4, 30 in D5) in order to obtain a transflective display. Intro- 
ducing such a partially transmissive mirror into the display of D6 would therefore 
result in a transflective display as defined in present claims 15-17. 
Moreover, using LEDs as illumination light sources is well established in the art 
such that the subject matter of claim 19 is not regarded as involving an inventive 
step. 

The transflective mirror (16) of D4 is about 50% transmissive (see Fig. 3) as 
specified in present claim 26. 
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Since D6 is concerned with a scattering liquid crystal display (e.g. PDLCD) no 
polarising effects appear and hence, polarisers or retarders are not needed therby 
rendering the subject matter of claims 18 and 23 non-obvious. Assuming that the 
lacking antecedent of the features defined in claims 28-36 (see objection 1 (c) 
under item VIII) were solved by an additional separate introduction of these 
features, the subject matter of (clarified) claims 28-36 could in principle be 
regarded as novel and inventive. 

Furthermore, none of the available prior art documents hints towards a colour filter 
having a varying level of absorption across its area or having a transparent region 
as specified in claims 20-22 and 27. This also applies to the partially transmissive/ 
reflective mirror having gaps or holes defined in claim 25. 

3). The industrial applicability of the claimed transflective display is obvious (Art. 
33(4) PCT). 

Re Item VII 

Certain defects in the international application 

1). Although independent claims 1 and 15 are drafted in the two-part form, the 
features 

- the liquid crystal is divided into a plurality of pixels, and 

- the backlight comprises a plurality of sequentially flashing light sources, 
are incorrectly placed in the characterising portions of claim 1 and claim 15, res- 
pectively, as they are disclosed in documents D1 and D6, respectively, in combi- 
nation with the features placed in the respective preamble (Rule 6.3(b) PCT). 

On the other hand, the definition of the partially reflective mirror in claim 15 should 
have been in the characterising portion instead of the preamble. 



Re Item VIII 

Certain observations on the international application 

1). The application does not meet the requirements of Art. 6 PCT, because the claims 
are not clear in the following respects:- 
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(a) Claims 4, 5, 8, and 9 do not meet the requirements of Article 6 PCT in that 
the matter for which protection is sought is not clearly defined. The following 
functional statements do not enable the skilled person to determine which 
technical features are necessary to perform the stated functions: 

the retardation values of the front/rear quarterwave plate and the liquid 
crystal layer should be such that in one state circularly polarised light 
and in another state linearly polarized light is produces after a single 
pass. 

Since the claims are silent on any mutual orientation of these elements or on 
the polarisation state of the light incident thereon they do not provide a 
sufficient and unambiguous definition of the claimed subject matter. 

(b) It would appear that the reference to claim 6 in dependent claim 14 should 
have been corrected to claim 7, since only the latter introduces the rear 
halfwave plate and quarterwave plate which are further specified in claim 14. 

(c) Claims 28 and 29 depend on any one of claims 1-27 and refer to said front 
and rear polarisers which, however, are not defined in claims 15-22 and 25- 
27. 

An analogous objection applies to claim 30-33, each being dependent on 
claims 1-29, with respect to the nematic LC, which is not defined in any of 
the preceding claims, and the front and rear retarders, which cannot be 
found in claims 15-22 and 25-29. The objection with respect to the nematic 
LC also applies to claims 34 and 36. Analogously, the red, green and blue 
voltage levels referred to in claim 35 are not defined in any of the preceding 
claims. 

Consequently, the subject matter of claims 30-36 is obscure and indefinite. 
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(57) Abstract 

A transflective liquid crystal display (70) comprises a liquid crystal cell (38) disposed between^ front substrate (40) and a rear 
substrate (36), a front polariser (46) located in front of the front substrate (40) and a rear polariser.(32-) located behind the rear substrate 
(36), a front retarder (42, 44) located between the front substrate (40) and the front polariser (46), a rear retarder (62, 64) located between 
the rear substrate (36) and the rear polariser (32), and a light source (30) located behind the rear polariser (32). A transflective display 
having a number of differently coloured sequentially flashing backlights is also provided. 




FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


T Fl 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


-LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cote d'l voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazalcstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


UK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/17707 



> • 

DESCRIPTION 



PCT/JP99/05210 



Transflective Liquid Crystal Displays 

TECHNICAL FIELD 

The invention relates to transflective liquid crystal displays, which rely for their 
5 operation on reflection of ambient light, and transmission of light from a backlight in 
the case of a low ambient light level. _ 

BACKGROUND ART 

European Patent Publication No, 0,840,160 A2 describes a Pancharatnam-type 
achromatic (ie. independent of frequency/colour) reflective liquid crystal display (LCD) 
1 0 using a twisted nematic liquid crystal (LC) layer as part of a switchable achromatic 
retarder. 

British Patent Application No. 9806566.7 describes an improved retarder combination 
for an achromatic fixed retarder and twisted nematic (TN) LC used in high resolution 
15 thin film transistor (HR-TFT) displays, which reduces threshold voltage and 
chromaticity and improves contrast 

S. Fujiwara et aL "Proceedings of the Fourth International Display Workshops", 
Nagoya 1997, (IDW97), p.879 describes a reflective LCD using an achromatic fixed 
20 retarder between a linear polariser and a twisted nematic LC. This is used in the HR- 
TFT LCD product produced by Sharp. 

Solutions for converting linear polarised light to circular polarised light by a twisted 
nematic layer with respect to the LC parameters retardation, twist and alignment 
25 orientation can be found in Beynon et al. t Proceedings of the International Display 
research Conference, 1997 L34, 

US Patent No. 5,361,151 (Sonehara) describes a transflective LCD comprising a TN-LC 
layer, an internal or external semi-reflector, and chromatic retardation plates between 
30 the LC and the front and rear linear polariser. 



US Patent No. 4,093,356 (J. E. Bigelow) describes a transflective liquid crystal display 
capable of presenting viewable indicia to an observer positioned at the front thereof, 
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which is responsive to either reflection of incident ambient light entering into the 
display from the front thereof or transmission of light from a source behind the display, 
and which utilises a reflective display of the type having a nematic liquid crystal host- 
guest dichroic dye cell backed by a quarterwave plate and partially reflective, partially 
5 transmissive transflector member, in conjunction with a linear polariser and a second 
quarterwave plate arranged between the backlighting source and the partially 
transmissive member. 

In such a guest-host cell, the dichroic dye is regarded as a guest in the liquid crystal, 
10 because the orientation of the dichroic dye molecules simply follows that of the LC 
molecules. The dyemolecules are generally transparent when viewed along their long 
axes, and opaque (ie. they absorb visible light) when viewed perpendicular to their long 
axes, and are hence referred to as dichroic. Consequently, by applying a voltage to the 
LC cell, the degree of absorption in the cell can be controlled, and the cell is therefore 
1 5 sometimes referred to as operating in an absorption mode. 

The rear quarterwave plate is used to compensate for the front quarterwave plate so that 
linear polarised light impinges on the guest-host liquid crystal (GH-LC). 

20 US Patent No. 4,3 15,258 describes a visual display which has an increased readout 
capability due to its operation in a transflective mode. A source of ambient light and 
light for radiation through the display from the back together assure the increased 
readout capability. Previously, ambient light would degrade or wash-out the display 
making it nearly impossible for monitoring personnel to decipher alphanumeric or 

25 pictoral displays due to the decreased contrast A pair of linear polarizers sandwich a 
twisted nematic liquid crystal and have their polarisation axes either parallel or mutually 
orthogonally disposed so that the crystal presents bright or dark areas in response to 
applied potentials. Because a partially transmitting mirror is interposed between the 
sandwiched liquid ciystal and the radiating light source, the ambient light augments the 

30 radiated light to enhance the visual display. 
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It should be understood that, throughout this specification, references to retardation 
values should be understood as effective retardation values, taking into account the twist 
angle of the retarder. A twisted birefringent structure (such as a TNLC) has a 
retardation of thickness x birefringence for a particular wavelength. However, it effects 
5 a retardation which is lower or higher depending on the twist angle. 

DISCLOSURE OF INVENTION 

According to a first aspect of the invention there is provided a transflective liquid 
crystal display comprising a liquid crystal cell disposed between a front substrate and a 
1® rear substrate, a front polariser located in front of the front substrate and a rear polarisex 
located behind the rear substrate, a front retarder located between the front substrate and 
the front polariser, a rear retarder located between the rear substrate and the rear 
polariser, and a light source located behind the rear polariser. 

15 This allows the display to benefit from backlighting in low ambient light conditions and 
high contrast while still providing the benefits of an achromatic reflective display. 

The front retarder may be an achromatic combination retarder. 

2° The front retarder may comprise a front halfwave plate and a front quarterwave plate. 

The front quarterwave plate may have a retardation of between Omn and 250nm. 

The front halfwave plate may have a retardation of between 200nm and 360nm. 

25 

The rear retarder may comprise a rear quarterwave plate. 

The rear quarterwave plate may have a retardation of between 1 OOnm and 1 SOnm, and 
preferably of substantially 135 nm. 

30 

The rear substrate may be provided with a partially reflective and partially transmissive 
mirror. 
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The liquid crystal cell may be provided with a rear electrode, which is partially 
reflective and partially transmissive. 

The rear retarder may further comprise a rear halfwave plate. 

The rear halfwave plate may have a retardation of between 200nm and 360nm> 

The rear halfwave plate may be located between the rear quart eiwave plate and the rear 
polaiiser. 

In order to use the same LC profile and thickness and the same operating mode 
(normally white) for reflective and transmissive modes of operation, the backlight can 
be manipulated first by a linear polariser followed by a quarter wave plate at 45° to the 
polarisation or absorption direction. 



The invention broadens the usability of reflective LCDs by incorporating a backlight 
This is achieved without major alteration to the existing HR-TFT fabrication process. 
As compared with front lighting systems the contrast ratio of the LCD using a backlight 
is not reduced. Although the transmission may be only 50% of the ideal value this js 
20 not critical to the readability of the LCD as the backlight will only be operated at low 
ambient light levels. The invention can also operate in normally black mode either in 
both transmission and reflection or transmission by changing the azimuth angle of both 
polarisers by 45° in the same direction. 

25 The process flow to manufacture the internal reflector in the HR-TFT requires only one 
additional step. To secure uniform electric fields the etched window in the aluminium 
can be sputter-coated with indium tin oxide (TTO) in a self-aligning process. Surplus 
ITO on the photoresist used to pattern the aluminium mirror can be removed during the 
photoresist development or removal/strip. Multiple windows can be randomly 

30 distributed over the pixel to avoid diffraction. 
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Alternatively, the reflective layers can be thinned to an extent that it becomes partially 
transmissive to a predetermined value over the whole or part of the pixel electrode. 

According to a second aspect of the invention* there is provided a transflective display 
5 comprising a liquid crystal divided into a plurality of pixels, addressing means for - 
addressing each pixel and switching each pixel between different states resulting in 
- different levels of transmission of light through the display, a flashing backlight located 
behind the liquid crystal, and a partially reflective mirror located between the liquid 
crystal and the backlight for both reflecting ambient light back through the liquid crystal 
10 and allowing transmission of light from the backlight through the liquid crystal, wherein 
each pixel is provided with a light filter, and wherein the backlight comprises a plurality 
of sequentially flashing light sources. 

In one embodiment, of the invention, each light filter is a colour light filter, and said 
15 sequentially flashing light sources are of different colours. 

Said liquid crystal may be part of an active matrix display. 

In one embodiment, the liquid crystal forms a Pi or optically compensated birefringent 
20 (OCB) cell. 

In a further embodiment, each light source is a light emitting diode (LED). 
Each colour filter may provide a varying level of absorption across its area. 

25 

Each colour filter may have a transparent region. 

This provides the advantage of ensuring that a greater amount of light from each light 
source can pass through every colour filter. 

30 

In this case, said liquid crystal may be provided with a plurality of partially reflective 
electrodes each having a light transmissive area, and each transmissive area may be 
optically aligned with a transparent region of one of said colour filters. 
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The transflective display of the second aspect of the invention may also have any or all 
of the features of the transflective display of the first aspect of the invention. 

BRIEF DESCRIPTION OF DRAWINGS 

The invention will now be more particularly described, by way of example only, with 
reference to the accompanying drawings, in which: 



Figure 1 shows the arrangement described in US Patent No. 4,093,356 (mentioned 
above), which uses a quarterwave plate between a rear polariser and a reflector in a 
1 0 transflective GH LCD; 

Figure 2 is a schematic view of a transflective LCD according to a first embodiment of 
the invention; 

1 5 Figure 3 shows the results of modelling the LC electrooptic response of the embodiment 
of Figure 2; 

Figure 3a shows the results of modelling the LC electrooptic response of the 
embodiment of Figure 2, but using crossed polariscrs. 

20 

Figure 4 is a schematic view of a transflective LCD according to a second embodiment 
of this invention; 

Figure 5 shows the results of modelling the LC electrooptic response of the embodiment 
25 of Figure 4; 

Figure 6 is a schematic view of a transflective LCD according to a third embodiment of 
this invention. 



30 



Figure 7 shows the results of modelling the LC electrooptic response of the embodiment 
of Figure 6; 
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Figure 7a shows the results of modelling the LC electrooptic response of the 
embodiment of Figure 6, but using crossed polarisers; 

Figure 8 is a schematic view of a transflective LCD according to a fourth embodiment 
5 of this invention- - 



Figure 9 shows the results of modelling the LC electrooptic response of the embodiment 
of Figure 8; 

10 Figure 10 is a schematic diagram of the prior art pixellated reflective LCD with internal 
reflectors described in the Fujiwara reference mentioned above; 

Figure 11 is a schematic diagram of a pixellated transflective LCD with internal 
reflectors and a transmission window in accordance with the invention, 

15 

Figure 12 shows a transflective LCD using a Pi or OGB cell, which is an embodiment of 
a second aspect of the invention; 

Figure 13 shows the results of modelling the LC electrooptic response of the 
20 embodiment of Figure 12; and 

Figure 14 shows the results of modelling of the LC, electrooptic response of the 
embodiment of Figure 12, and shows the wavelength dependence of the electrooptic 
response for transmission and reflection in both the switched and unswitched states, 

25 

BEST MODE FOR CARRYING OUT THE INVENTION 

The prior art transflective guest-host (GH) LCD 2 shown in Figure 1 comprises a light 
source 4, linear polariser 6, first quarterwave plate 8, partially transmissive mirror 10, 
second quarterwave plate 12, rear substrate 14, guest-host liquid crystal (GH-LC) cell 
30 16, and front substrate 18. 

The quarterwave plates (orretarders) 8 and 12 and the linear polariser 6 are formed 
from stretched polymer films. The GH-LC cell 16 contains a dichroic dye. the 
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molecules of which are oriented by the LC molecules in order to control the degree of 
absorption of the celL The cell thus operates in an absoiption mode. The GH-LC cell 16 
is pixellated, with each pixel being controlled by a pair of electrodes (not shown) in 
known manner. 

5 " - 

The display 2 is viewed from the position of the viewer 20. The Jjght reaching the 
viewer 20 from the display is a combination of light from the light source 4 and (usually 
white) ambient light reflected by the partially reflective mirror 10, It is for this reason 
thai the display is referred to as transflective, because it operates on the basic of both 
10 transmission and reflection. 

The first embodiment of the invention, shown in Figure 2, is a transflective liquid 
crystal display 28 comprising a light source 30, a rear polariser 32, rear quarterwave 
plate 34, rear substrate 36, liquid crystal cell 38, front substrate 40, front quarterwave 
15 plate 42, front haliwave plate 44, and front polariser 46. The location of the viewer 20 is 
also indicated in Figure 2. 

The arrangement of components of die display 28 from the front polariser 46 to the rear 
substrate 36 (inclusive) is known from the Fujiwara reference mentioned above, except 
20 that the rear substrate 36 of the display 28 is provided with a partially reflecting (and 
partially transmitting) mirror (not shown separately) instead of a fully reflecting mirror. 

Figure 2 also indicates for each of the retarders 34, 42 and 44, the angle that the slow 
axis of the retarder makes with respect to the angle of the absoiption axes of the two 

25 polarisers 32 and 46 (which are parallel, and defined as 0 degrees). These angles are 
-45° , -75° and -15° respectively. In addition, the angles at which the LC molecules 
are aligned by alignment layers (not shown) at the surfaces 48 and 50 of the LC cell 3S 
are also indicated in Figure 2. The surface director orientations (SDOs) are +50° and + 
140°, respectively, The tenn "surface director orientation" as used herein is defined as 

30 the orientation of the LC director at an alignment surface projected onto the plane of the 
alignment surface of the LC layer, eo that the SDO ig the orientation which the LC 
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director would have in the absence of any surface pretiit Also, the SDO is equivalent 
to(SDO±7t). The twist of the LC layer may be between 30° and 100°, 

The two transparent parallel substrates 36 and 40 are each coated on the inside surfaces 
5 52 and 54 with a patterned conductor/electrode (not shown) for addressing the LC cell 
38, with the rear electrode being patterned and partially transparent and partially 
reflecting. The ratio of transmission to reflection of the rear conductor/electrode may be 
1:1 or any other pre-determined value according to the designated purpose of the 
transflective display _28. The electrodes are coated with alignment means and hold the 
10 ncmatic LC cell 38 continuously switchable between an effective retardation in the 

reflecting bright state of 80nm to 200nm, and preferably 135nm> and in the dark state of 
50nm to Onm, and preferably close to Onm. The nematic LC may be twisted by surface 
alignment and/or chiral doping. 

15 The outer sides of the substrates 36 and 40 are clad by the transparent retardation films 
34, 42 and 44. The front halfwave retarder 44 has a retardation dAn of substantially 
270nm and the front quarterwave retarder 42 has a retardation dAn of substantially 133 
nm, where d represents the thickness of the retarder film, and An represents the 
difference between the two refractive indices of the retarder film. The front 

20 quarterwave retarder 42 has its slow axis substantially parallel or normal to the bisetrix 
(ie. half the angle) of the (twist or) surface alignment directions of the ncmatic LC cell 
- 38. (The angle -75° shown in Figure 2 is equivalent to +95° (te, 75 0 +95^li6^^Kich 
lie? half way between the SDOs + 50° and + 140° of the LC cell 38.). The two front 
retarders 42 and 44 form an achromatic combination retarder. The rear retarder 34 has a 

25 retardation dAn of substantially 1 33nm. The absorption or polarisation axis of the rear 
polariser 32 is at 45 degrees to the slow axis of the rear retardation film 34. The LC cell 
38 may be MJ 96539 (Merck Japan), the retardation films 34, 42 and 44 of Nitto's NRZ 
range, and the polarisers 32 and 46 of Nitto's NPF range. 



30 



The bisetrix, or bisector, as used herein is the direction which bisects the smaller 
included angle between two directions. The bisetrix is also perpendicular to the optical 
axis of the device. 
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Figure 3 shows the results of computer modelling of the electrooptic response of the 
embodiment of Figure 2. The modelling was carried out assuming a standardised D65 
light source for reflected and transmitted light in the wavelength range of 380 to 780 
5 nm. The graph of Figure 3 shows voltage (applied to a pixel of the LC cell 38) against 
transmission and reflection in arbitrary units. The transmission results are shown by 
curve 56, and the reflection results by curve 58. For the reflection results a 0.1 micron 
aluminium mirror is assumed, and for the transmission results the mirror was removed. 

10 When no voltage is applied, both the transmission and reflection are high, and the 
display thus operates in a "normally white mode". The rear quarterwave plate 34 is 
necessary in order to ensure that the transmission curve 56 is the correct way around. 
Without the quarterwave plate 34 the transmission curve 56 would be low at zero volts 
and high at 5 volts. It will be seen from Figure 3 that even at 4 or 5 volts there is still 

15 some residual transmission and reflection, which prevents the pixel from becoming 
fully dark. The embodiments discussed below seek to provide an unproved contrast 
between the light and dark states, 

Figure 3a shows the results of modelling the LC electrooptic response of the 
20 embodiment of Figure 2, but using crossed polarisers instead of parallel polarisers. That 
is, to produce the results of Figure 3 a, the last two components (ie. the quarterwave 
plate 34 and polariser 32) arc? rotated through 90° compared to the arrangement shown 
in Figure 2. This re^lfem^idter<^cteker) dark state for the transmission curve 56. 
Tlje reflection curve is again labelled 58. 

25 

Figure 4 shows a second embodiment of the invention, which is a transflective display 
60 providing reduced residual transmission in the dark state. Components which are the 
same as those of the first embodiment of Figure 2 are given the same reference 
numerals. The display of Figure 4 differs from that of Figure 2 in that the rear 
30 quarterwave plate 34 is replaced by a rear halfwave plate 62 and a rear quarterwave 
plate 64, which have slow axes at -15° and -75° respectively with respect to the 
absorption axes of the two polarisers 32 and 46. As shown by Figure 4, the components 
thus exhibit a degree of symmetry about the central LC cell 38. The combination of the 
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rear halfwave plate and rear quarterwave plate improves the achroraaticity of the 
transmission mode. 

The effective retardation of the neniatic LC cell 3 8, is continuously switchable between 
5 about 135nm and Onm in the same way as in the embodiment of Figure 2. The two 
front retarders 42 and 44 function together as an achromatic combination retarder, and 
the two rear retarders 62 and 64 also function together as an achromatic combination 
retarder. The retardation films can again be of Nitto's NRZ range. 

10 Figure 5 shows the results of computer modelling of the electro optic response of the 
embodiment of Figure 4. The transmission results are shown by curve 66, and the 
reflection results by curve 68. The assumptions mentioned above in relation to the graph 
of Figure 3 apply equally to the Figure 5. As shown by Figure 5, the embodiment of 
Figure 4 produces a slight reduction in the residual transmission (at around 4 to 5 volts) 

1 5 compared with the embodiment of Figure 2. 

Figure 6 shows a third embodiment of the invention, which is a transflective display 70 
- - providing both significantly reduced residual transmission and significantly reduced 

residual reflection, The components are essentially the same as those of the embodiment 
20 of Figure 4, and the same reference numerals are therefore usecL However, the display 

70 differs from that of Figure 4 in that the thickness of the front quarterwave plate 

(retarder) 42 is increased so that it has a retardation dAn of substantially 143 nm. 

The front and rear quarterwave plates 42 and 64 have their slow axes substantially 
25 normal to the bisetrix of the surface director orientations of the nematic LC cell 38. The 
two front retarders 42 and 44, and the two rear retarders 62 and 64, each form an 
achromatic combination retarder. The front achromatic combination retarder is 
modified to compensate for the residual retardation of the LC cell at finite voltages. 
The retardation of quarterwave plate 42 is increased when the slow axis of each 
30 quarterwave plate is normal to the bisetrix of the SDOs of the nematic LC cell 38. 
Alternatively, if the slow axes of the quarterwave plates 42 and 64 are parallel to the 
bisetrix of the SDOs of the nematic LC cell 38. the retardation of quarterwave plate 42 
needs to be decreased. The retardation films can again be of Nitto's NRZ range. 
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Figure 7 shows the results of computer modelling of the electrooptic response of the 
embodiment of Figure 6. The transmission results are shown by curve 72, and the 
reflection results by curve 74. The assumptions mentioned above in relation to the graph 
5 of Figure 3 apply equally to the Figure 7. As shown by Figure 7, the embodiment of 
Figure 6 produces a significant reduction in both die residual transmission and the 
residual_reflection in the dark state (at around 4 to 5 volts) compared with the previous 
embodiments. 

1 0 This improvement comes about because the increased thickness of the quarterwave 
plate 42 compensates for the residual retardation caused by the fact that those liquid 
crystal molecules in the LC cell 38 which lie close to the alignment layers (not shown 
separately) remain "fixed" in position when the LC cell 38 is switched by application of 
an external voltage. 

15 

Figure 7a uses the same reference numbers as Figure 7, and shows an improved (ie. 
darker) dark state for the transmission curve 56, achieved by rotating the last three 
components (ie. 32, 62 and 64) of Figure 6 through 90°, so that the polarisers 32 and 46 
are crossed. 

20 

Figure 8 shows a fourth embodiment of the invention. The components of the 
trans flective display 100 are essentially the same as those of the embodiments of 
Figures 4 and 6, and the same reference numerals are therefore used for components 
wliich are the same. However, the nematic LC cell 38 of Figures 4 and 6 is replaced by 

25 a hybrid aligned nematic (HAN) LC cell 102. The cell 102 used is LC MJ96539 

produced by Merck, Japan and has antiparallel surface director orientation with surface 
pretilt of 2° and 88° and a retardation of substantially 137.5 nm. The orientations and 
retardations of the other components are given in Figure 8. The front substrate 40 also 
functions as a colour filter plate. The retardation of the front quarterwave plate 42 is 

30 changed to 1 5 lnm compared to 143 nm for the TN celL 
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Figure 9 shows the results of computer modelling of the electrooptic response of the 
embodiment of Figure 8. The transmission results are shown by curve 104, and the 
reflection results by curve 106. 

5 Figure 9a uses the same reference numbers as Figure 9, and shows an improved (ier 
darker) dark state for the transmission curve 104, achieved by rotating the last three 
components (ie. 32, 62 and 64) of Figure 8 through 90°, so that the polarisers 32 and 46 
are crossed. 

10 In any of the embodiments of the invention the partially reflective (and partially 

transmissive) mirror (not shown separately) provided on the rear substrate 36 can be 
either a mirror containing a number of gaps or holes, or a continuous mirror which is 
transparent to a predetermined value of say between 1 0% and 90%. 

15 Figure 10 shows the layout of the prior art reflective LCD 76 described in the paper by 
Fujiwara mentioned above. From top to bottom, the display 76 comprises apolariser 
78, one or more retardation films 80, micro colour filters 82, a front substrate 84, a 
^liquid crystal layer 86 (represented schematically by liquid crystal molecules 87, 
reflective electrodes 88 controlled by thin film transistor (TFT) elements 90, and a rear 

20 substrale 92. Three colour filters 82, representing red, blue and green, are shown in 

Figure 10, each covering two reflective electrodes 88. Each electrode 88 corresponds to 
a subpbeel. Figure 10 thus shows two pixels, each comprising three subpixels having 
red, blue and green filters. Hie liquid crystal molecules 87 located under the green filter 
82 are shown switched, whereas the other liquid crystal molecules 87 are shown 

25 unswitched. 

Figure 1 1 shows the layout of a transflective LCD in accordance with the invention. 
Where components correspond to those in Figure 10 the same reference numerals are 
used. The arrangement of Figure 11 differs from thai of Figure 10 by the addition of one 
30 or more retardation films 92, a rear polariser 94, and a backlight 96. In addition the 

reflecting electrodes 88 are made partially transmissive by providing the electrodes 88 
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with apertures 98. As an alternative, the electrodes 88 can be made of a continuous 
partially transmissive material. 

In any embodiment the red, green and blue voltage levels can be individually adjusted 
5 for transmission, transflective or reflection modes. The transmission/reflection against 
voltage curve is wavelength dependent and can be different between the reflective and 
the transmissive mode. Hence data voltages must be adjusted according to the mode 
used. 

10 Each micro colour filter 82 can have areas of different absorption to achieve the best 
colour balance/saturation for transmission and reflection modes. 

The invention can use LC modes switching substantially in the plane of the LC cell, so- 
called in-plane switching modes, fonmd for example in ferroelectric, antiferroelectric 
15 and some nematic LC modes. The invention can also use out-of-plane switching 
modes, and is not limited to twisted nematics. For example, surface switching LC 
modes can be used. 

Retardation values, twist angles, and other orientation angles given for the embodiments 
20 described above are examples only. 

Embodiments of a second aspect of the invention will now be described. 

Figure 12 shows a transfective LCD 100 which is capable of time sequential colour 
25 illumination. Components which are the same as those in Figure 8 are given the same 
reference numerals. The transflective LCD 100 comprises: three flashing LEDs, which 
are red 102, green 104 and blue 106, a rear polariser 32, a rear halfwave plate 62, a rear 
quarterwave plate 108, a rear substrate 36 provided with a partially reflecting mirror, a 
Pi or OCB cell 110 formed from the LC material TL203 made by Merck, a front 
30 substrate 40 provided with colour filters, a front quarterwave plate 1 12, a front halfwave 
plate 44 and a front polariser 46. The front quarterwave plate 1 12 has a retardation of 
214nm. The increased retardation of the front quarterwave plate 1 12 is required to 
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compensate for the larger residual retardation of the Pi cell at finite voltages compared 
to the HAN and TN cell. 

The angles which the slow axes of the retarders 62, 108, 1 12 and 44 make with respect 
5 to the absorption axes of the two polarisers 32 and 46 (defined as 0 degrees) are - 
indicated in Figure 12, together with the retardation values of the retarders. Figure 12 
also shows that the Pi cell 1 1 0 has zero twist 

The embodiment of Figure 12 also makes use of micro colour filters 82, as shown in 
1 0 Figure 1 1 . When the ambient light level is low, the transflective LCD 100 switches 

(either automatically or manually) to a time sequential transmission mode in which the 
red, green and blue LEDs 102, 104 and 106 flash in turn. The pixels of the Pi cell 110 
are addressed for each flash. This is why it is desirable to use a Pi cell rather than a TN 
LC cell, because a Pi cell can be switched more quickly." 



It is possible to address the pixels of the Pi cell 1 10 in different ways. In the simplest 
case, when the green LED 104 is flashed, only the pixels with green micro colour filters 
82 arc switched on, and the other pixels arc switched off (ie, to a zero transmission 
state). 



However, if the micro colour filters 82 are sufficiently wide band, then each colour filter 
82 will let through some light of each other colour. For example, the green filters which 
let through some red and blue light In this case, it is possible to make use of all of the 
pixels for all of the coloured LEDs, provided that the transmission characteristics of the 
25 micro colour filters 82 are taken into account when addressing the pixels. In this way it 
is possible to increase both the light throughput and the resolution of the display, 
because when the green LED 104 is flashed, for example, light can pass through pixels 
having micro colour filters 82 of any colour. 



30 



It is still necessary to retain the micro colour filters 82 to allow the LCD to operate in a 
reflective mode when the ambient light level is sufficiently high, and therefore reduce 
the power consumption of the device. 



- • 
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A difficulty with the earlier embodiments (Figures 2, 4, 6 and 8), can be understood by 
considering Figure 1 1 . Reflected light must make two passes through the colour filters 
82, whereas (white) light transmitted from the backlight 96 makes only a single pass 
5 through each colour filter 82. In order to achieve a satisfactory brightness level in ~ 
reflection it is necessary to use wide band colour filters 82, which let through a wide 
range of light frequencies. However, this results in a lower colour saturation. That is* 
reflected Ught from the LCD appears whiter in colour to the observer 20. The problem 
is worse for transmission, because transmitted light makes only a single pass through 
10 the colour filters 82, and the colour saturation is therefore lower. 

The light throughput and high resolution capability in the transmissive mode can be 
improved in the following way. Instead of coating each micro colour filter 82 
continuously and evenly over the pixel area, each micro colour filter 82 can be provided 

15 with a transparent region, and the remainder of the area of the micro colour filter 82 can 
be made more absorbing (ie. more narrow band). For example, for the green micro 
colour filters 82, the remainder of the micro colour filter 82 can be made more green, so 
that in the reflective mode no change is perceived by the observer 20 because the 
transparent region is compensated for by the "more green" region. The same can be 

20 done for the red and blue micro colour filters 82. An advantage is achieved in the 

transmission mode because the transparent regions transmit light of any colour, and thus 
every micro colour filter 82 is better adapted to transmit light from any of the coloured 
LEDs 102, 104 and 106. 

25 If the liquid crystal is provided with partially reflecting electrodes having transmissive 
areas, the transmissive areas can be optically aligned with said transparent regions. A 
black and white (greyscales) embodiment is also possible, which does not use 
differently coloured filters and backlights. 

30 Figure 13 shows the electrooptic response of the embodiment of Figure 12. The 

transmission results are shown by curve 120, and the reflection results by curve 122. 
The results below about 1.6V are not useful, as the liquid crystal cannot be used for fast 
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switching ia this region. The display 100 should therefore be used in the range 1.6 V to 
5V. 

Figure 14 ehows the wavelength dependence of the electooptic response of the 
5 embodiment of Figure 12. The transmission and reflection results when the display 100 
is switched to the "on" state are shown by curves 124 and 126 respectively. The 
transmission and reflection results when the display 100 is switched to the "off 1 state 
are shown by curves 128 and 130 respectively. It will be seen from these results that the 
wavelength dependence is reasonably flat over the wavelengths of interest (ie from blue 
10 to red). 

It should be appreciated that whilst the second aspect of the invention, relating to a time 
sequential transflective display using differently coloured flashing backlights can be 
used in conjunction with the first aspect of the invention, it is not so limited. In 
15 particular, the second aspect of the invention can be used with any transflective display. 
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CLAIMS 

1 A transflective liquid crystal display comprising a liquid crystal cell disposed 

5 between a front substrate and a rear substrate, a front polariser located in front of the 
front substrate and a rear polariser located behind the rear substrate, a front retarder 
located between the front substrate and the front polariser, a rear retarder located 
between the rear substrate and the rear polariser, and a light source located behind the 
rear polariser. 

10 

2 A transflective display as claimed in claim 1 wherein the front retarder is an 
achromatic combination retarder. - 

3 A transflective display as claimed in claim 1 or 2, wherein the front retarder comprises 
15 a front halfwave plate and a front quarterwave plate. 

4 A transflective display as claimed in claim 3, wherein the front quarterwave plate has 
a retardation that, in conjunction with the retardation of the liquid crystal layer, 
produces in one state circular polarised light after a single pass. — 

20 

5 A transflective display as claimed in claim 3 or 4, wherein the front quarterwave plate 
has a retardation that, in conjunction with the retardation of the liquid crystal layer, 
produces in a second state linear polarised light after a single pass. 

25 6 A transflective display as claimed in claim 3, 4 or 5, wherein the front quarterwave 
plate has a retardation of between Onm and 25Qnm. 

7 A transflective display as claimed in any preceding claim, wherein the rear retarder 
comprises a rear quarterwave plate. 

30 

8 A transflective display as claimed in claim 7, when also dependent, directly or 
indirectly, on claim 3, wherein the rear quarterwave plate has a retardation that, in 
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conjunction with the retardation of the liquid crystal layer and the front quarterwave 
plate, produces in one state circular polarised light after a single pass. 

9 A transflective display as claimed in claim 7 or S, when also dependent, directly or 
5 indirectly, on claim 3, wherein the rear quarterwave plate has a retardation that, in" 

conjunction with the retardation of the liquid crystal layer and the front quarterwave 
plate, produces in a second state linear polarised light after a single pass. 

10 A transflective display as claimed in claim 7, 8 or 9, wherein the rear quarterwave 
1 0 plate has a retardation of between lOOnm and 1 80nm. 

1 1 A transflective display as claimed in any preceding claim, wherein the rear substrate 
is provided with a partially reflective and partially transmissive mirror. 

15 12 A transflective display as claimed in any preceding claim, wherein the liquid crystal 
cell is provided with a rear electrode which is partially reflective and partially 
transmissive, 

13 A transflective display as claimed in any preceding claim, wherein the rear retarder 
20 further comprises a rear halfwave plate. 

14 A transflective display as claimed in claim 13, when also dependent directly or 
indirectly on claim 6, wherein the rear halfwave plate is located between the rear 
quarterwave plate and the rear polariser, 

25 

15 A transflective display comprising a liquid crystal divided into a plurality of pixels, 
addressing means for addressing each pixel and switching each pixel between different 
states resulting in different levels of transmission of light through the display, a flashing 
backlight located behind the liquid crystal, and a partially reflective mirror located 

30 between the liquid crystal and the backlight for both reflecting ambient light back 

through the liquid crystal and allowing transmission of light from the backlight through 
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the liquid crystal, wherein each pixel is provided with a light filter, and wherein the 
backlight comprises a plurality of sequentially flashing light sources. 

16 A transflective display as claimed in claim 15; wherein each light filter is a colour 

5 light filter, and wherein said sequentially flashing light sources are of different colo~urs. 

17 A transflective display as claimed in claim 15 or 16, wherein said liquid crystal is 
part of an active matrix display. 

10 18 A transflective display as claimed in claim 15, 16 or 17, wherein the liquid crystal 
forms a Pi or OCB celL 

19 A transflective display as claimed in any one of claims 15 to 18, wherein each light 
source is a light emitting diode (LED). - 

15 

20 A transflective display as claimed in any one of claims 1 to 19, wherein each colour 
filter provides a varying level of absorption across its area. 

21 A transflective display as claimed in claim 20 wherein each colour filter has a 
20 transparent region. 

22 A transflective display as claimed in claim 21, wherein said liquid crystal is provided 
with a plurality of partially reflective electrodes each having a light transmissive area, 
and wherein each said transmissive area is optically aligned with a transparent region of 

25 one of said colour filters. 

23 A transflective display as claimed in any one of claims 15 to 22, which also has any 
or all of the features of the transflective display of claims 1 to 14. 



30 



24 A transflective display substantially as hereinbefore described with reference to any 
of Figures 2, 4, 6, 8, 11 or 12. 
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